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Tractors  have  been  used  for  the  past  10  years  as  supplementary 
yarding  equipment  in  the  redwoods,  but  it  was  not  until  about  1933 
that  they  could  be  considered  as  serious  competitors  of  the  slackline 
and  highlead  methods  which  have  been  favored  by  redwood  loggers  during 
the  last  15  or  20  years.    This  change  in  status  was  the  result  of 
marked  improvement  in  the  tractors  themselves  and  to  an  even  greater 
extent  to  their  auxiliary  equipment  -  the  yarding  arches,  single  and 
double  hoists  and  bulldozers,  angle  dozers  and  trail  builders.  By 
means  of  this  improved  equipment  the  yarding  of  the  largest  log  that 
could  be  handled  at  the  sawmill  was  made  practicable  even  on  steep, 
rough  slopes  and  the  tractor  was  ready  to  come  into  its  own. 

The  success  of  the  tractor  in  parts  of  the  coastal  Douglas  fir 
region  of  Oregon  and  Washington,  where  conditions  were  not  greatly 
different  from  those  found  in  much  of  the  redwood  region,  together 
with  public  pressure  for  less  destructive  woods  practices,  provided 
the  necessary  incentive  and  redwood  operators,  to  their  credit,  un- 
dertook to  give  them  a  trial.    And  because  of  the  many  advantages 
inherent  in  highly  flexible  equipment,  and  the  possibilities  offered 
through  selective  logging  for  greater  profits  and  the  saving  of  un- 
merchantable trees  and  reproduction,  the  California  Forest  and  Range 
Experiment  Station  undertook  a  regional  yarding  study  in  cooperation 
with  the  redwood  operators  to  compare  the  efficiency  of  this  new  tool 
with  the  generally  used  steam  equipment. 
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The  purpose  of  the  yarding  study  was: 

1.     To  compare  the  efficiency  and  cost  of  t  met  or,  sl'ckline 
and  hignlead  yarding;  and 

P.     To  determine  the  effect  of  log  size  and  certain  other 
factors  on  yarding  costs  for  the  three  methods  studied. 

The  field  work  was  begun  in  1934  and  completed  in  1936.  Com- 
pletion was  delayed  because  of  the  introduction  in  1934  of  new  Diesel 
equipment  which  resulted  in  the  virtual  obsolescence  of  the  old  gasolin 
tractors.     In  the  course  of  the  study  yarding  time  and  cost  data  were 
obtained  from  3  slackli.no,  6  highload  and  12  tr\  ctor  settings,  includ- 
ing a  total  of  8,538  trips  with  12,600  logs  scaling  24,545,000  ft.  HT. 

This  report  is  based  on  Three  slnckline,  three  highlead  and 
three  tractor  settings,  all  from  Humboldt  County.    They  wore  selected 
from  the  settings  studied  an  the  b^sis  of  similarity  of  conditions 
as  to  volume  of  stand  nor  aero ,  and  steeoness  and  rough-ess  of  topo- 
graphy,   neither  the  lowest  nor  highest  cast  tractor  settings  were 
included,  and  all  conditions  affecting  costs  arc;  believed  to  be  at 
least  as  favorable  on  the  steam  as  on  the  tractor  settings.  The 
settings  selected  were  on  the  oner at  ions  of  throe  different  companies 
each  of  which  contributed  to  both  steam  and  tractor  data. 

Methods 

The  results  are  based  on: 

1.  Accurate  timing  of  each  activity  involved  in  yarding,  such 
as  in  and  out  time,  hook  and  unhook  time,  all  delay  items, 
etc . 

2.  Careful  measurements  of  diameter  and  length  and  determina- 
tion of  cull  and  gross  and  not  sc-°le  f  or  e°ch  log* 

3.  Cost  nor  hour  and  nor  minute  of  each  yarding  unit  for  each 
setting.    A  tract  ~>r  arch,  and  drum  combination  is  considered 
a  unit. 

The  timing  and  scaling  give  the  basis  for  detcrmirin^  the  volume 
of  logs  yarded,  by  each    machine.    By  annlying  the  per  minute  c  ^st  of 
a  yarding  unit  to  the  autput  of  that  unit  the  actual  c^st  per  M.  bd. 
ft.  of  log  scale  was  determined. 

The  data  were  also  analyzed  to  show  the  effect  of  log  size, 
load  volume,  yarding  distance,  and  si  one  (for  tractor  yarding)  an 
yarding  cost. 

The  itemized  costs  used  as  the  basis  of  comparison  arc  listed 
in  table  1. 


0 
PI 
•H 

H 

M 
o 
cd 

H 

to 


P 

o 
-p 
o 

cd 

H 
+3 


o 


P 

p 

Pi 

cd 

Pi 


CD 
Ml 

o; 


5 


>..  0| 

H  «J 
CO  o 
P  D 
o , 


to 

to 

o 

tO  O 

O 

o 

<* 

'O 

rH 

Pi 

CSJ 

CVJ 

r-H 

rH  DO 

00 

o 

H 

cvj 

O 

(y 

to 

CO 

O  H 

o 

w 

o 

O 

o 

CVJ 

H 

• 

• 

• 

• 

• 

H 

P 

o 

o  d 

o 

d 

o 

o 

o 

d 

O 

P 

i 

W 

g 

o 

IO 

o 

U 

"J 

CD 

i  I 


I 


i  PI 
OIH 

-p;  o 

01  ed 


rH  P, 

cd  cd! 

H  Pi 

(-1  I 


to  o 


-p  o, 

01  ,3. 


O  Pi 
1}  1 


cd  P. 
-H  cr* 
P1 


■s 

cd 

'J 


i 

! 
i 

Pi! 


w  o 

o  rC 

o 

Pi 

«p 

P 


•••H 
CO 

o 


cn 
to 
o 

CO 


CVJ 
LO 

o 


cvj  io  in  t> 

00  cvj 

tO  H  CVJ  O 

•  •     •  • 

CVJ  O  rH  O 


t>  O  H  O 

owe  o 

rH  C Cvj  H 

d  o  d  d 


to  CO  IO  IO 

CO  CO  CO  to 

CD  CO  LO  tO 

•  •     •  • 

W  O  H 


rH  a--  to  to 

^  H  CO  CM 

O  O  H  O 

■  •      •  • 

O  O  O  O 


CO 
iH 

CO 


o 
o 
co 

o 


to 


o 

IO 


W  to  sp 

co  m<  to 

H  H  W 

•      •  • 

o  o  o 


LO  tO  75 

iH  rH  CVJ 

o  o  o 

•  •  • 

o  o  o 


LO  Cvj  O 

en 

CVi    CVJ  -HH 
•      •  • 

o  o  o 


CO  H  'O 
CO  U  LO 
O  CVJ  o 

•      •  • 

o  o  o 


rH 

o 
w 


CO 

LO 

CO 

o 

o 

IO 

to 

CO 

o 

rv 

r  ' 

LO 

o 

CVJ 

t> 

O 

tO 

CSJ 

H 

o 

CVj 

co 

CTi 

• 

• 

• 

• 

C\j 

o 

o 

d 

o 

rH 

o 

rH 

-a 

CD  rH 
PI  I 


CD 

rd 


td 
cd 

CD 

2 


CD 
■P 


-P 
CO 
O 

o 


H 

CD 
H 
rQ 

EH 


i    3  I 

CO  CD 

d  p 


Pi 

r> 
<H 

CO 

cd 
fctO 


•H 

CO 

HO 

P! 

rH 

Pi 

CD 

Cd 

O 

-P 

CO 

•H 

l*H 

Pi 

cd 

P 

cd 

CD 

P 

rH 

-p 

p 

CQ 

•H 

to 

to 

O 

-ri 

13 

t:: 

K 

rH 

Pi 

C! 

•H 

CD 

cd 

c« 

!  (D  Cm 

rH 

H 

P 

•H 

•H 

•rH 

"O 

o 

CO 

O 

Pi 

p 

P 

cd 

H 

o 

rH 

CD 

_p 

Pi 

O 

CO 

o 

o 

O 

0 

cd 

•rH 

•H 

o 

Pi 

P 

h 

-p 

CO 

63 

Pi 

•rH 

O 

rH 

P 

& 

CD 

rO 

td 

p 

P 

HH 

PL, 

r-H" 

• 

H 

Cvj 

CO 

V  Pi 

CO  -H 

•rH 

"  rH 

Pi  Pi 

cd  -h 


p 

CD 

o 

p. 


Ph 

O  to 
P  H 


CD 


P  bD'H 

•H  -H  CO 

iS  rt; 


to  ^  to  to 


CO  p 

P  o 

■H  ^ 

cd  6d 

P  rH 

CD 

P  Pi 
O 

t3 
pj 
cd 


CD 

cd 
P 

CD 
> 

td 

<H 

o 

-p 

Pi 

p 

0 
p. 

IO 


Pi 
cd 


P 
o 

<p. 

Pi 

■rH 

■E 


CO 

CO 

-p 

0 

-  CO 

CVj 

'co 

* 

t3  P 

0 

•H 

Pi 

CO 

cc  o 

■rH 

p 

0 

o 

■P 

0  -P 

Fh 

rP  CJ 

rH 

-p 

cd  cd 

cp 

cd 

CO 

p 

Pi 

r-H 

P 

> 

•H 

CO 

Wj  -p 

O 

0 

2 

CO 

0 

p 

•rH 

Pi 

P 

0 

•H 

Ph  P 

Wi 

Pi 

CD 

Pi 

•rH 

IT) 

P 

HH 

iCn; 

• 

• 

• 

O 

00 

cn 

o 

3 


Of  principal  interest  are  the  nearly  identical  total  cost  per 
M  feet  for  the  slackline  and  highlead  and  the  much  lower  cost  for  the 
tractors,  nearly  50  cents  lower  per  M  feet. 

The  t>er  hour  costs  are  of  little  significance  for  comparison 
because  of  the  wide  variation  in  output  per  hour  for  the  different 
machines . 

Effect  of  Log;  Size  and  Yard  in;.-  Dist  ance  on  Yarding  Post 

Yarding  costs  per  M  feet  are  consistently  higher  for  small  logs 
than  for  large  logs.    This  is  because  the  scale  or  board  foot  content 
increases  faster  with  size  than  the  cubic  content  and  weight,  and  be- 
cause it  is  easier  to  handle  a  given  scale  in  one  log  if  not  excessively 
large,  than  to  handle  the  same  volume  in  several  lo.--s .    For  example, 
it  is  obviously  cheaper  to  handle  one  log  containing  5,000  bd.  ft.  than 
10  logs  each  containing  only  F>00  bd .  ft.  although  the  total  3cal<=  is 
the  same  in  both  cases.    A  principal  reason  for  this  is  that  several 
of  the  time  items  -  out-time,  turning-time  (foi  tractors),  and  most 
delay  items  -  bear  no  relation  to  lo-v  or  load-sire;  end  other  items  - 
principally  hook-and-unhook  time  -  are  only  slightly  affected  by  log 
size.     Consequently,  a  large  part  of  the  round,  trie  time  involved  in 
yarding  is  not  affected  by  either  load  or  log  size  and.  the  larger  the 
load  or  the  log  (within  practicable  limits)  the  smaller  the  amount  of 
time  and  cost  chargeable  to  each  M  feet  of  scale. 

This  decrease  in  cost  per  M  feet  with  increase  in  log  scale  is 
shown  graphically  for  all  three  yarding  methods  in  figure  1  and  for 
tractors  and  slackline  in  figure  2.  Figure  1  is  based  on  an  external 
yarding  distance  of  1,000  feet  and  figure  2  of  2,000  feet.  High  lead 
yarding  costs  are  not  included  in  figure  2  because  this  method  is  not 
used  for  yarding  much  over  1,000  feet. 

It  should  be  noted  that  gross  Spaulding  scale  is  used,  rather 
than  Humboldt  scale,  in  these  charts.    Also  that  rigging  ahead,  1 ine 
changing  and  road  building  (for  tractors)  are  not  included  in  the  costs 
given.    As  this  combined  item  is  higher  for  steam  yarding  than  for  tractor 
yarding  in  practically  all  cases  the  inclusion  of  this  additional  cost 
would,  make  the  difference  in  favor  of  tractor  yarding  even  greater. 
Various  overhead  items,  and  other  fixed  rer-acrc  costs  which  would  not 
vary  appreciably  with  the  different  methods  are  likewise  omitted. 

Both  figures  show  that  tractor  yarding  is  cheaper  than  steam 
logging  for  all  log  sizes  and  for  both  external  yarding  distances. 
The  greatest  difference  in  favor  of  tractor  yarding  is  in  the  small 
log  sizes,  the  500-foot  log  being  nearly  80  cents  cheaper  per  M  with, 
the  tractor.    But  it  is  of  interest  that  the  tractor  also  shows  up  to 
advantage  with  the  largest  log  sizes,  because  only  a  few  years  ago 
many  redwood  operators  believed  that  tractors  could  not  handle  large  logs 
efficiently.    The  consistently  good  showing  of  the  tractor  is  the  more 
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remarkable  because  it  is  a  relatively  new  yarding  method  in  the  redwood 
region  and  still  subject  to  many  improvements  whereas  steam  equipment 
has  been  used  for  years  and  slackline  yarding  in  particular  has  been 
developed  to  a  very  high  noint  of  efficiency. 

The  difference  between  tractor  and  slackline  costs  with  a  2,000- 
i't.  yarding,  distance  is  seen  to  be  somewhat  smaller  than  with  the 
1,000-ft.  distance.     It  should  be  emphasized,  however,  that  the  trac- 
tor is  much  more  adaptable,  and  consequently  has  a  great  advantage 
wherever  wide  differences  in  distance  "re  encountered.     Both  slackline 
and  high  lead  machines  arc  limited  by  certain  maximum  distances  beyond 
.hich  they  cannot  go  and  with  them  the  long  corner  means  the  additional 
cost  of  a  "swing".    The  tractor  on  the  other  hand  ban  no  such  definite 
limitations  and  can  be  used  with  equal  advantage  "^or  short  and  for  long 
hauls  un  to  the  point  where  railroad  or  truck  transportation  mry  compete. 

No  fit  tempt  will  be  made  here  to  discuss  the  many  other  advt  n- 
tages  in  tractor  yarding  resulting  from  the  groat  flexibility  of  the 
tractor  units.     Their  superiority  in  selective  logging  and  the  opportunities 
which  they  offer  for  maintaining  ?  steady  flow  of  logs  in  spite  of  dif- 
ferences in  yarding  distance,  volume  per  acre  and  other  conditions ; 
in  keeping  the  various  parts  of  an  operation  well  balanced  and  in 
solving  many  management  problems  such  as  fill  in-    special  orders  on 
short  notice,  should  at  l^ast  be  nrntioned. 

The  material  presented  in  the  forgoing  is  based  entirely  on 
summer,  or  dry  weather,  logging  for  both  tractor  and  stem  e  ouinment . 
Tractors  rre  obviously  at  c  disadvantage  on  wet  ground,  particularly 
where  clay  soils  are  encountered.    This  is  1  serious  difficulty  for 
operators  wishing  to  yard  entirely  with  tractors.     In  some  cases  e 
seasonal  yarding  operation  has  boon  found  practical  'and  in  others 
attempts  are  being  made  to  use  the  tractors  through  the  winter  by  more 
careful  road  location,  and  by  frequent  ch  .nges  from  road  to  road  and 
from  landing  to  landing.     There  ere  also  rrrny  possibilities  for  winter 
use  of  tractors  with  doubledrum  for  s^ort-distance  line  yarding  end 
also  in  combination  with  Diesel  yarders  and  other  less  mobile  equipment. 

In  conclusion,  it  has  been  demonstrated  that  tractor  yarding 
is  superior  to  the  conventional  highlead  and  slackline  yarding  under 
most  conditions  found  in  the  redwood  region,  except  during  the  rainy 
season,  and  its  much  wider  use  is  undoubtedly  justified.    The  applica- 
tion of  the  ingenuity  displayed  by  redwood  loggers  in  the  development 
of  st earn  logging  will  undoubtedly  solve  many  of  the  difficulties  now 
encountered  in  winter  tractor  logging  and  make  possible  the  elimina- 
tion of  much  of  the  destruction  of  unmerchantable  trees  "ssociated 
with  slackline  and  to      less  extent  with  highlead  yarding. 
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